We have developed mathematical models to estimate the risk of perioperative adverse events in patients with pre-existing conditions undergoing day-case surgery. We studied 17 638 consecutive day-case surgical patients in a prospective study. Preoperative, intraoperative and postoperative data were collected. Risk modelling was performed with backward stepwise multiple logistic regression and validated on a separate subset of our patients. Eighteen preexisting conditions were entered into the model. We adjusted for age, sex, and duration and type of surgery. Seven associations between pre-existing medical conditions and perioperative adverse events were statistically significant. Hypertension predicted the occurrence of any intraoperative event and intraoperative cardiovascular events. Obesity predicted intraoperative and postoperative respiratory events, and smoking and asthma predicted postoperative respiratory events. Gastro-oesophageal reflux predicted intubation-related events. The presented models of risk estimation were validated internally and provided a useful tool for accurate risk estimation. 1999; 83: 262-70 
Statistical analysis
Intraoperative adverse events were grouped into the following categories: any event in the OR and cardiovascular, respiratory and intubation-related events in the OR. Postoperative adverse events occurring in the PACU and ASU, although reported in separate tables to give a better view of our data, were combined in the analysis to gain statistical power and avoid sparse data. If a patient developed the same event in both the PACU and ASU, it counted only once. The following categories of postoperative adverse events were included in the analysis: any postoperative event; cardiovascular and respiratory events; pain; nausea and vomiting; drowsiness; shivering; excessive agitation; and dizziness. Incidence rates of specific adverse events according to specific pre-existing medical conditions and patient and procedure characteristics were summarized by frequency and percentage.
To determine if there was an association between specific pre-existing conditions and intraoperative and postoperative adverse events, the various pre-existing conditions and other clinically important variables were entered as predictor variables into a backward stepwise multiple logistic regression. The initial selection of variables was based on the clinical judgement of the investigators and degree of correlation between the independent variables. ASA status, by definition, was determined by the presence of pre-existing medical conditions and thus was highly correlated with the occurrence of the various conditions. As the pre-existing medical conditions were the most interesting predictor variables, we decided not to enter ASA status into the model. Similarly, type of anaesthesia was not controlled for, as this was determined mostly by the type of surgery. Therefore, only type of surgery was entered into the model. At the end of the analyses, we repeated the analyses by entering into the model the type of anaesthesia instead of the type of surgery, and we obtained similar results.
To validate our statistical models, our patient population was divided randomly into two equal halves: a model development set and a model validation set. The development set was used to develop our statistical models for prediction of perioperative adverse events. Thirteen models were developed to estimate the risk of any intraoperative event, and intraoperative cardiovascular, respiratory and intubation-related events; any postoperative event, and cardiovascular events, respiratory events, pain, nausea and vomiting, drowsiness, shivering, excessive agitation and dizziness in the postoperative period. For model development of intubation-related events, only patients undergoing general anaesthesia were included as non-general anaesthesia patients were not at risk of developing this type of adverse event. Eighteen pre-existing conditions were entered into each model (see Table 3 ). The models were adjusted for the effects of age, sex and type of surgery. Duration of surgery was also included in models predicting postoperative adverse events. For intraoperative adverse events, duration was not included as prolongation of surgery could be an effect rather than a cause of an intraoperative adverse event.
Age and duration of surgery were represented by continuous variables, sex by one dummy variable, and type of surgery, grouped into nine major categories, by eight dummy variables. The variables for age, sex and type of surgery, and for models of postoperative events, and also the variable for duration of surgery, were forced into the models even if they were not otherwise included in the stepwise model, so that we could control for these factors uniformly in each model. To adjust for multiple comparisons, we set the significance level for the parameter estimate at 0.001.
Using the final predictive models with significant predictors obtained from the development set of patients, the probability of the specific adverse events were calculated for each patient in the validation set. Based on these calculated (predicted) probabilities and the patient's actual experience in the validation set (i.e. whether or not they experienced the specific adverse event) a receiver operating characteristic (ROC) curve was plotted for each model and the area under the ROC curves were calculated according to a method described by Hanley and McNeil. 17 The area under the ROC curve was used as a measure of the accuracy of the final prediction models. All analyses were carried out using SAS (version 6.12) software.
Results

Characteristics of patients and procedures
Mean age of the 17 638 patients was 47 (range 11-98) yr. Two-thirds of patients were female (11 826) and most (93.5%) were ASA I (9194) or II (7301). Almost 90% of patients underwent ophthalmic (6372), gynaecological (5959) or orthopaedic (3179) procedures. Ninety-three percent of patients underwent either general anaesthesia (10 110) or monitored anaesthesia care (anaesthetist administered sedation) (6301); only 7% received local or regional anaesthesia or chronic pain block. The surgical procedures lasted for 52 (SD 44) min and patients stayed for 51 (26) min and 98 (56) min in the PACU and ASU, respectively. A total of 599 patients developed adverse events in the OR, 1516 in the PACU and 1052 in the ASU. Table 1 presents the incidence of intraoperative and postoperative adverse events by age, ASA status, type of anaesthesia and type of surgery. The crude rates of intraoperative adverse events increased with increasing ASA status. Patients who were ASA II or III experienced a threeto five-fold higher incidence of intraoperative adverse events than ASA I patients (unadjusted relative risks 3.1 and 5.1, respectively). The most frequent intraoperative adverse events were cardiovascular (508 events; 2.9 events per 100 operations). However, there was an inverse association between the frequency of postoperative adverse events and ASA status in both the PACU and ASU. Patients who were ASA II and III had a lower risk of postoperative adverse events than ASA I patients (unadjusted relative risks 0.75 264 and 0.56, respectively, in the PACU; 0.79 and 0.43, respectively, in the ASU). The most frequent postoperative adverse events were excessive pain (836 events (4.7 events per 100 operations) in the PACU and 335 events (1.9 events per 100 operations) in the ASU) and nausea and vomiting (385 events (2.2 per 100 operations) in the PACU and 685 events (3.9 events per 100 operations) in the ASU).
The frequency of intraoperative adverse events increased linearly with increasing age. The frequency of postoperative adverse events, after a slight increase with age in patients less than 40 yr of age, showed a decreasing tendency with increasing age.
For intraoperative adverse events, the highest frequencies were observed in ophthalmic (5.4%), urological (5.2%) and ENT-dental patients (4.7%), whereas the lowest frequencies were observed in patients undergoing gynaecological procedures (1.4%) or chronic pain block (1.3%). For PACU and ASU adverse events, the highest frequencies were observed in orthopaedic patients (20% and 10%, respectively) and ENT-dental patients (14% and 20%, respectively), whereas the lowest frequencies were observed in patients undergoing ophthalmic procedures (2.6% and 4.2%, respectively) or chronic pain block (4.5% and 3.2%, respectively).
Patients undergoing monitored anaesthesia care experienced the highest rate of intraoperative adverse events. The unadjusted relative risks for intraoperative events during general, local and regional anaesthesia, and chronic pain block compared with monitored anaesthesia care were 0.6, 0.1, 0.4 and 0.3, respectively. For postoperative adverse events, the risk was higher in patients undergoing general anaesthesia (unadjusted relative risks 9.1 and 3.0 in the PACU and ASU, respectively), regional anaesthesia (unadjusted relative risks 3.5 and 0.8 in the PACU and ASU, respectively) and chronic pain block (unadjusted relative risks 3.0 and 1.1 in the PACU and ASU, respectively) compared with patients who underwent monitored anaesthesia care.
The frequency of intraoperative and postoperative adverse events showed a sharp increase with duration of the procedures, except for very long procedures (those lasting more than 3 h) ( Fig. 1 ). However, only 40 patients underwent extremely long procedures.
Pre-existing medical conditions
Fifty-four per cent of the 17 638 patients had one or more pre-existing medical conditions in their medical history. Twenty-eight per cent of patients had one condition, 15% had two, 6% had three and less than 5% of patients presented with more than three conditions. Obesity (defined as body mass index Ͼ30 kg m -2 ), smoking and hypertension were the most frequent categories (14-16%) ( Table 2) . Arthritis, asthma and diabetes mellitus each appeared in the medical histories of more than 5% of patients. In addition to these conditions, thyroid disease, angina pectoris, gastrooesophageal reflux and arrhythmia were among the 10 Table 1 Incidence of intraoperative and postoperative adverse events by age, ASA status, type of anaesthesia and type of surgery. Intraoperative adverse events were those occurring in the operating room (OR) while postoperative adverse outcomes were those occurring during the patient's stay in the post-anaesthesia care unit (PACU) and in the ambulatory surgical unit (ASU) most frequent conditions. The crude incidence rates of intraoperative and postoperative adverse events by the various pre-existing medical conditions are shown in Tables  3-5 . Patients with congestive heart failure had the highest frequency of intraoperative events, followed by patients with hypertension and those with past cerebrovascular events. Most of the adverse events in the OR were cardiovascular (Table 3 ). In the PACU, patients with a history of seizure had the highest frequency of adverse events, mainly excessive postoperative pain. Patients with asthma, valvular heart disease or upper respiratory tract infection, and smokers and obese patients had a greater than 10% frequency of adverse events in the PACU (Table 4 ). In the ASU, patients with upper respiratory infection had the highest incidence of adverse events, followed by patients with valvular heart disease and a history of seizures (Table 5) .
Most of the adverse events in the PACU and ASU were excessive postoperative pain, and nausea and vomiting.
Model development and validation
The characteristics of the development and validation sets were similar. There were no significant differences between the two groups. Of the 13 models for perioperative adverse events, five included significant predictor variables repres-enting pre-existing medical conditions (see appendix). For any intraoperative event and for intraoperative cardiovascular events, patients with hypertension had an approximate two-fold increase in risk (adjusted odds ratios 2.2 and 2.5, respectively) ( Table 6 ). For intraoperative respiratory events, obese patients were approximately four times more likely to develop such events (adjusted odds ratio 3.9). The type of intraoperative cardiovascular events in patients with hypertension and type of intraoperative respiratory events in obese patients are shown in Table 7 . For intubationrelated events, patients with gastro-oesophageal reflux experienced a nine-fold increase in risk (adjusted odds ratio 8.0). In the total population, 11 patients had intubationrelated events in those with a history of gastro-oesophageal reflux. For eight of these, intubation was difficult, in two cases unplanned intubation and in one case oesophageal intubation occurred. Of the postoperative adverse events, only respiratory adverse events were significantly associated with preexisting medical conditions. For postoperative respiratory events, patients with asthma, obese patients and smokers had an approximately four-fold increase in the risk of developing such events (adjusted odds ratios 4.6, 3.9 and 3.8, respectively) ( Table 6 ). There was no significant predictor among the pre-existing medical conditions for any other postoperative adverse events. Validation of the final models was completed using data from the validation set of patients. The accuracy of the five models was 0.69-0.78, as determined by the calculated area under the ROC curves (Fig. 2) . The best accuracy was achieved by the model which was developed to predict intraoperative cardiovascular events. The area under the corresponding ROC curve was 0.78 (SD 0.016).
Using the final models with significant predictor variables, it is possible to estimate individual patient risk and corresponding confidence intervals (CI) based on their characteristics (age, sex, duration and type of surgery) and presence or absence of certain pre-existing medical conditions (see appendix). As an example, we have calculated the risk of intraoperative cardiovascular events (and 95% CI) for the following two hypothetical patients using formula (b 
Discussion
Selection of appropriate outcome variables, which is a prerequisite to correctly identifying relevant predictive factors, is a complex task requiring clinical insight. 18 Severe or life-threatening adverse outcomes, such as myocardial infarction or cardiac arrest, are extremely rare among daycase patients and are not the best choices for assessing the quality of day-case surgery. Unanticipated postoperative admission to intensive care units or hospital wards, prolonged postoperative stay and unscheduled return hospital visits are established indicators of the quality of day-case surgery. These outcomes convey important information regarding the quality of care and excess burden on both Table 3 Incidence of intraoperative adverse events by pre-existing medical condition. COPDϭChronic obstructive pulmonary disease; URTIϭupper respiratory tract infection; GOϭgastro-oesophageal; CVAϭcerebrovascular attack; TIAϭtransient ischaemic attack health care providers and patients. [10] [11] [12] [13] On the other hand, analyses using these outcome measures do not study the predictive value of preoperative factors on these outcomes; they usually concentrate on the immediate reasons behind admission, return visit or prolonged stay. Less severe, non-life-threatening, and disease-or organspecific perioperative adverse events are intermediate, or surrogate outcomes to the ultimate clinical outcome measures of day-case anaesthesia, such as duration of stay, unanticipated hospital admission, patient satisfaction and level of functioning after surgery. At the same time, by using these disease-or organ-specific outcomes, we are able to identify specific associations between pre-existing medical conditions and their corresponding perioperative adverse events.
Our results, in common with those of previously reported studies, showed low rates of adverse events, further sup-267 porting the belief that day-case surgery is a safe practice. The most frequent intraoperative events were cardiovascular events, and the most frequent postoperative events were related to the management of pain and nausea and vomiting.
The association between hypertension and intraoperative cardiovascular adverse events is well established in the literature. 2 15 In our study, hypertension was associated with an increased risk of intraoperative cardiovascular events. However, a similar association was not found between perioperative cardiovascular adverse events and other types of cardiac disease. There could be several explanations for this. First, the other conditions, such as angina, myocardial infarction, arrhythmia, valvular heart disease and congestive heart failure, mandated optimal control before elective surgery, whereas it is common to proceed with elective surgery even when the patient's hypertension is poorly controlled. In addition, the number of patients with these other cardiac conditions was relatively small, resulting in higher statistical uncertainty and a lower power to detect an association, despite the observed higher rate of perioperative cardiovascular events in these patients. That hypertension predicted the occurrence of any intraoperative event is probably a result of the fact that most intraoperative events were cardiovascular. Obese patients were approximately four times more likely to develop perioperative respiratory events. Similar associations have been reported previously. 15 19 The well 268 known adverse effect of smoking on the respiratory system explains why smokers experienced a higher incidence of postoperative respiratory events. 1 2 15 The association between asthma and postoperative respiratory events can be explained by the effect of increased stress caused by surgery provoking asthmatic symptoms. The extremely strong association between gastro-oesophageal reflux and intubation-related adverse events was probably a result of the difficulties encountered with rapid sequence events. This study indicated that assessment and preparation for the possibly difficult intubation of these patients are very important.
As our study was observational, it is not appropriate to draw causal inference concerning any of the above-described associations, and some of our explanations are speculative. We identified predictors of adverse events. However, our predictive models showed good prediction accuracy when we tested them on an independent sample of patients, yielding areas under the ROC curves of 0.69-0.78.
Our analysis included a total of 29 predictor variables (18 variables representing 18 pre-existing medical conditions and 11 variables representing age, sex, and duration and type of surgery) in each of the 13 models. According to a simulation model, 10 outcomes per predictor variable were required for a stable model. 20 Therefore, for any outcome we examined, we needed at least 290 events for reliable prediction. The results of the modelling should be interpreted in light of the observed incidence rates. The large number of models and predictor variables examined also raised the spectre of multiple comparisons. To overcome this problem, we used 0.001 as our critical P value in the multiple logistic models. Although we studied close to 18 000 subjects, some of the adverse events occurred infrequently. This observed low frequency in certain outcomes, together with the conservative significance level set to overcome the problem of multiple comparisons, raised the possibility of beta errors.
In everyday practice, it is important for the anaesthetist to know which pre-existing medical condition predicts a specific intraoperative or postoperative adverse event to be able to provide the optimal care for the patient and possibly prevent the occurrence of those adverse events. In addition, it would be desirable for the anaesthetist to estimate the likelihood that a given patient with certain characteristics will develop a particular adverse event. For this reason, we have reported the odds ratios of the associations, and also provided the whole models for risk assessment to enable the reader to estimate the specific risk of an adverse event in any given patient based on the patient's characteristics.
With the growing number of day-case procedures performed world-wide, it is important to estimate the patient's risk of adverse events accurately. Ours is the first study to develop a validated model of risk estimation based on pre-269 existing medical conditions. Of the five predictors identified for perioperative adverse events, the most relevant for everyday clinical practice is that hypertension predicted intraoperative cardiovascular events. These findings point to the need for more careful preoperative control and perioperative management of hypertensive patients.
Appendix
Logistic regression is used to model the relationship between predictor variables and binary outcome variables. Logistic regression modelling assumes that the probability of an event (i.e. occurrence of the outcome) is associated with the values of the explanatory variables in the following way:
Pϭ1/(1ϩe -logit(P) ) where logit(P)ϭβ 0 ϩβ 1ϫ1 ϩ···ϩβ n x n where Pϭprobability of the occurrence of the outcome; x i ϭvalue of the ith independent variable; and β i ϭparameter estimates for the ith variable.
Fitting the model to the data, we can obtain the maximum likelihood estimate of the parameters for each variable. Based on the maximum likelihood estimates from the final models, it is possible to calculate an expected risk of occurrence of the specific adverse events for each patient. Below we present the five final models with significant predictors. 
